In this paper, the dynamic change in tree height, diameter at breast height (dbh) (0.6-, 0.8-, 1.0-, 1.2-, 1.4-, 1.6-, 1.8-, 2.0-, 2.2-, and 2.4-by-1.0 
Introduction
Short rotation forestry (SRF) is defined as the silvicultural practice of cultivating fast growing trees that reach their economically optimum size in a much shorter period. In their publication on short rotation forestry in Kenya, Senelwa and Sims (1997) defined SRF as planted tree crops which reach economic maturity between 5-15 years. However, recent experiences with SRF crops, especially of eucalyptus in western Kenya show that farmers can harvest trees at ages of between 3-5 years as well, in particular where the objective is for small poles, firewood, charcoal or scaffolding material in construction industry (Senelwa et al. 2008) .
The trees in SRF are planted at spacings that allow for quick growth and easy harvesting. The concept of biomass production from SRF entails planting fast growing trees at higher stocking densities (sometimes greater than 3,000 stems ha -1 ) than those used in conventional plantation forestry practices. The objective of the high stocking density is to achieve rapid canopy closure and high productivity (Senelwa & Sims 1997) . But this should be carefully done to avoid excessive intra-specific competition and loss of volume and value (Kirongo 2000; Kirongo et al. 2005) . SRF is in fact a modern and a very recent forestry system in Kenya. It however has a lot of potential in reducing deforestation, destruction of natural vegetation, and meeting wood fuel requirements, especially given that it is a clean, renewable resource with numerous additional environmental benefits (e.g. carbon sequestration, soil protection against erosion resulting in positive impacts on soil fertility in farms, and increased agricultural production).
Experiences and observations in western Kenya show that farmers in the region are rapidly embracing commercial and subsistence on-farm tree growing. Short rotation forestry is evident in the region although very little of its technical aspects are known to the farmers. As a result, the farmers are getting into the venture without any clear guidelines such as suitable species to grow, what end products they can get and after how long, the correct spacing and other silvicultural treatments. Consequently, the SRF ventures are not yielding optimum results. There is need, therefore to "put science and professionalism" in to the practice. This work will focus on establishing suitable SRF planting spacing for use by farmers practicing SRF so as to optimize tree growth and thus financial benefits from SRF ventures.
Methods

Study sites
The study was undertaken in Chepkoilel (Eldoret) area and Nangili (Soy) area which are within western Kenya. The selection of these specific sites for detailed analysis was based on the results of a reconnaissance survey carried out earlier by an independent group that highlighted these areas as high potential sites with acute tree products deficit.
Chepkoilel is located in Uasin Gishu District-Eldoret, Kenya at latitude 0º31'N and longitude 35 0 17' E. It is found 10 km from Eldoret town 3 km off the Eldoret-Iten road. It is at an altitude of 2180 masl. The area receives an annual rainfall of 800-1400 mm while mean annual temperatures range between 14 ºC and 16 ºC. The second site for the study, Nangili, is located in Lugari District-in the Western Province of Kenya at latitude 0º 39' N and longitude 34º 51'E at an average altitude of 2,700 masl. The annual rainfall ranges 500-900 mm with mean temperatures of 22.5 ºC. Most rain falls in the months of March-August, the rest of the months being dry.
Experimental design SRF field trials were established in the 2 sites in a 'Nelder' systematic radial design configuration (Nelder 1962; Krinard 1985) (Figure 1 ). These field trials were established to evaluate species suitability, silvicultural requirements, growth, and yields of SRF crops at various stocking densities for fuel wood production, poles, and small sized timber. Eight tree species (2 hybrid eucalyptus clones, GC 10 and GC 167, 1 eucalyptus local landrace (of unknown genotype due to possible cross polination over time), 2 agroforestry (Grevillea robusta and Markhamia lutea),1 pure eucalyptus (improved Eucalyptus grandis by the Kenya Forestry Research Institute), and 2 preferred local species (Maesopsis eminii and Khaya nyasica) were planted on each site. Species performance was monitored over a period of 3 years. Measurements were taken at 6 months, 12 months, 18 months, 26 months, and 36 months. This paper however focuses on the effect of spacing on the height, diameter at breast height, and ground line diameter growth of the 4 eucalyptus genotypes.
The Nelder radial configuration trial as demonstrated by Nelder (1962) and Krinard (1985) was utilized in defining and demonstrating appropriate local tree growing and silvicultural management prescriptions that could be adopted by farmers. The approach was used by Kincheff and Carter (1991) to show that yield in Eucalyptus nitens increased with density for each population before starting to decline. This research utilised the same technique to evaluate a range of species and their associated planting spacing in western Kenya. The spacing used for planting corresponds to the growing area and density ( Table 1) .
The Nelder systematic radial design configuration (Nelder 1962; Krinard 1985) was chosen as it allows for quick evaluation of species and the silvicultural requirements over a limited land area. It therefore enhances quick objective comparisons over a wide range of growing conditions like in this case, spacing. The parameters selected for monitoring are those commonly used in evaluating tree growth in forestry.
Data analysis
The SRF experiments were based on a randomised complete block design. Each site was treated as an experimental block with the circles being replications. The density/spacing and genotype were considered as treatments. The genotypes were treated as random samples of fuelwood crops.
Data was analysed using SAS/STATS (2010). Two-way analysis of variances (ANOVA) with genotype and spacing as xed factors was used to select the hybrid clones with the best growth performance and a spacing that gives optimal growth and biomass in Chepkoilel and Nangili. This was deemed necessary so as to give farmers precise information on how to optimize growth of their SRF tree species. Graphical representations were used to show this. 
Results and Discussion
From Table 2 and Table 3 , it is statistically evident that at = 0.05 the varied spacings used for planting the trees in Chepkoilel and Nangili significantly affected the mean height of the trees at 36 months of age. It should however be noted that this effect of spacing on the mean height growth was evident only at 36 months. Preliminary analysis of data at 6, 12, 18, and 26 months old in both sites indicated that at = 0.05 varied stocking densities did not statistically significantly affect the mean height of the trees. For instance in Nangili at 18 months old (Table 4) spacing is seen to have no statistically significant effect on the mean height at  = 0.05. It suffices to note further that there being no statistically significant effect of spacing on the mean tree height does not mean that the mean tree heights at different spacing levels are the same. There may be a practical difference in the means at different spacings. For example, as shown in Table 5 , a farmer in Nangili will gain approximately 0.5 m in height of trees at 18 months planted at a spacing of 1.4-by-1.0 m as compared to those planted at a spacing of 1.2-by-1.0 m.
At 36 moths old, the spacing of 2.4-by-1.0 m gave the highest mean height of 11.5 m and 13.3 m in Chepkoilel and Nangili, respectively. Trees planted at a spacing of 0.6-by-1.0 m reported the lowest mean height of 8.7 m and 10.3 m in Chepkoilel and Nangili respectively. At  = 0.05 the genotypes were significantly different in terms of height growth at 36 months old in both Chepkoilel and Nangili (Table 6 and Table 7 ). Eucalyptus grandis performed best in Chepkoilel with a tree mean height of 10.2 m and GC 167 performed the poorest with a mean tree height of 8.9 m. Even in the best and worst performing genotypes, spacing had significantly vivid effects (Figure 3 and Figure 4) .
In Nangili, the genotypes at 36 months also showed statically significant effects on height growth at  = 0.05. GC 10 performed the best with a mean tree height of 12.8 m and the local landrace performed poorest with a mean tree height of 10.3 m (Table 6 and Table 7 ). Spacing effects were also significant in Nangili just as in Chepkoilel (Figure 4 and Figure 5 ).
From Table 6 and 7 above, it is statistically evident that at  = 0.05 the varied spacings used for planting the trees in Chepkoilel and Nangili significantly affect the mean ground line diameter of the trees at 36 months old (Table 8 and Table  9 ). This concurs with preliminary analysis of data at 12, 18, and 26 months old which also indicates that at  = 0.05 varied stocking densities statistically significantly affect the mean gld of the trees in both sites. This is however different for trees in Nangili at 6 and 18 months and Chepkoilel at 6 months where spacing is seen to have no statistically significant effect on the mean gld at  = 0.05.
At 36 months old, the spacing of 2.4-by-1.0 m gave the highest mean gld of 12 mm and 14 mm in Chepkoilel and 5 Figure 5 Mean height of the local land race at different spacing in Chepkoilel at 36 months. Nangili respectively. Trees planted at a spacing of 0.1-by-1.0 m in Chepkoilel reported the lowest mean gld of 7 mm and a spacing of 0.8-by-1.0 m was gave the least gld mean in Nangili of 7 mm. The genotypes also had significantly different mean ground line diameters ( = 0.05) at 36 months old in both Chepkoilel and Nangili. GC 10 had the best mean ground line diameter of 9.5 mm and 10.5 mm in Chepkoilel and Nangili, respectively. The local landrace gave the least mean gld of 8 mm in Chepkoilel while in Nangili, Eucalyptus grandis had the least gld mean of 8 mm as well. Spacing effects on genotypes were also significant in both sites for gld (Figures 6 and Figure7) . Table 10 and Table 11 show that at  = 0.05 the varied spacings used for planting the trees in Chepkoilel and Nangili significantly affected the mean dbh of the trees at 3 years old. This concurs with preliminary analysis of data at 6, 12, 18, and 26 months old which also indicates that at 95% confidence level, varied stocking densities statistically significantly affects the mean dbh of the trees in both sites. This however, is with an exception of trees in Chepkoilel at 12 months old and in Nangili at 18 months old where spacing is seen to have no statistically significant effect on the mean dbh at  = 0.05.
At a planting spacing of 2.4-by-1.0 m in Chepkoilel, the trees attained the highest mean dbh of 8.9 cm.This spacing also gave the best mean dbh in Nangili of 10.5 cm. The lowest mean dbh in Chepkoilel was 5.3 cm at a spacing of 0.6-by-1.0 m. Nangili had its least mean dbh of 5.6 cm at a spacing of 0.8-by-1.0 m.
The results from the study showed further that the genotypes in Chepkoilel did not statistically differ significantly from one another at 36 months old (Table 12) . However, E. grandis had the highest mean dbh of 6.8 cm and GC 167 was had the least mean dbh of 6.0 cm. In Nangili, the genotypes showed significant differences in mean dbh at 36 months old (Table 13) with GC 10 having the highest mean dbh of 7.9 cm 6 Figure 6 Mean gld of GC 10 at different spacing in Chepkoilel at 36 months. being statistically different from the other 4 species. E. grandis had the least mean dbh of 6.4 cm. However, there were statistically significant effects of spacing on dbh (Table 12 and  Table 13 ).
Result above indicated that relative growth rates of dbh, gld, and height increased with increasing the distance between trees but decreased with age. Increasing stem diameter and height of the eucalyptus trees with increasing the distance between trees is simply a result of exploiting same available below-ground resources (water and nutrient) by less number of trees (Palik & Pregitzer 1995) .
As could be expected, the trees at wider spacing had greater diameters than those of the same age at close spacing. This can be attributed to reduced competition for water and nutrients for widely spaced stems. Once site resources, particularly light and moisture, become limiting, any increase in competition will lead to a direct reduction in the size or efficiency of the individual tree canopy. As a result, the amount 
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Spacing ( of sugars produced by the leaves and fed down the branches and trunk for cambium growth will be reduced. This results in reduced diameter growth. A study by Rowan et al. (2000) showed that increasing the spacing between trees in a young eucalypt plantation can cause a dramatic increase in the diameter increment. For instance in Nangili at 3 years, as spacing between trees increased from 2.2-by-1.0 m (4,545 stems ha -1 ) to a spacing of 2.4-by-1.0 m (4,167 stems ha -1
) the mean dbh increased by as much as 2.3 cm between populations that differed by 378 stems ha -1 . Therefore, to maximize diameter growth, farmers should be advised on planting spacings that will promote healthy and optimal growth. Then, when the trees grow, thinning must be done to reduce competition. Repeated thinning to avoid excessive competition while maintaining mutual shelter will allow the trees to maximise height and diameter growth. Diameter growth is important, as tree volume is a function of the square of diameter.
Overall, height increments get smaller at all spacing as age increases and probably taper off in wider spacing as trees reach a maximum height of 13-15 m. Spacing had little/ delayed effect on height growth as compared to its effect on the diameter. This concurs with a study by Chaudhry and Ghauri (1995) that indicated a similar response to spacing variations in Eucalyptus camaldulensis. Where statistical comparison of means showed no significant effect of spacing on mean tree height growth ( = 0.05). For instance in this study, the mean height of trees in Chepkoilel after 26 months for the 2.4-by-1.0 m spacing was 5.51 m vs. 5.73 m and 5.23 m for the 1.4-by-1.0 m and 1.2-by-1.0 m spacing. Similar patterns were reported for all other spacing levels in Chepkoilel at 6 and 12 months. This trend is similar in Nangili with an exception of trees at 3 years old. At 3 years old, the mean tree height of trees in both sites showed a statistically significant response to spacing levels ( = 0.05).
This delayed effect of tree planting density on the tree heights has been attributed to competition for water and nutrients by the trees. Other studies have also shown that competition affects diameter growth more than it does height growth (Balozi 2000). For a farmer, planting trees at very close spacing levels, will certainly reduce the result yield due to high competition. In addition to this, trees planted at high densities will take longer to mature for harvesting thus subjecting the farmer to a higher risk on investment due to the price factor. The high competition can also make the trees more susceptible to diseases and pests. 
Conclusions
Considering all the 3 years of growth, Eucalyptus grandiscamaldulensis (GC 10) was the best overall performer in Chepkoilel and Nangili closely followed by GC 167. The local landrace gave the overall worst performance in both sites. The spacing of 2.4-by-1.0 m gave the best results in terms of overall tree growth. Further, 1.2-by-1.0 m spacing gave promising growth and farmers wishing to have more stems per ha but of reduced girth can adopt this spacing. The spacing of 0.6-by-1.0 m gave the worst overall tree growth.
